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EXECUTIVE SUMMARY 
To investigate potential contamination of the surface water in lakes, where the cone of 
depression has resulted in dewatered lake bottom surface area, a set of dewatered 
substrate samples were collected in 1993. The concentrations of two contaminants of 
concern, arsenic and nickel, in substrate samples ranged from 0.5 mglkg to 106 mglkg 
and .= 0.5 mg/kg to 357 mg/kg, respectively. Given these large concentration ranges, 
sequential extractions were performed as a first step to identifying these contaminants’ 
mobilities. The relevant fraction of extractable arsenic and nickel, with respect to rebound 
water quality in the dewatered lakes, is the exchangeable fraction, as this fraction could be 
expected to be mobilized with the rising ground water. 
The mass of the contaminants recovered during the sequential extraction procedure 
agreed with the maximum expected mass in the solid sample according to whole sample 
analysis. Storage by freezing did not affect the samples’ overall physical and chemical 
characteristics. The exchangeable fraction of arsenic in substrate samples is overall very 
small. The remainder of the arsenic is associated with organic or residual fractions, and 
is unlikely to be mobilized with the rising ground water. These data agree with the general 
understanding of the water quality in the Key Lake area derived from the surface water 
monitoring data. Arsenic is not an element of concern in the lake sediments, since it is 
neither present in high concentrations nor is it environmentally mobile from the sediments, 
based on the 1993 sample set. On the other hand, nickel reported to the exchangeable 
fraction of the sediments, and in relatively high concentrations, and therefore could be 
mobilized during the ground water level rebound process. 
The nickel distribution in exposed lake substrates and its mobility with rising ground water 
is therefore the focus of the investigation. A projection of surface water quality could be 
made if an association between the nickel concentrations and solid materials 
characteristics is found in the uppermost strata of the dewatered lakebeds. Such a 
projection is based on the assumption that a fraction of nickel which was mobilized by 
rainwater over the past 10 years has been flushed from the surface materials and has 
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reached the ground water. The remaining fraction of highly mobile nickel will have adhered 
to substrates. This adsorbed and, to some degree, exchangeable nickel is the material 
which could be released when saturated conditions are re-established. Characterization 
of the nature of this material is the key to addressing the objective of projecting surface 
water. The analyses of surface waters in remnant ponds in Seahorse and Hourglass Lakes 
indicate that, when a undisturbed sediment is present, low concentrations of nickel are 
present in surface waters despite high concentrations of nickel in the underlying, 
undisturbed sediments. The chemistry of water in these ponds very closely resembles 
distilled water which establishes a strong concentration gradient between the sediment 
pore water and the overlying water column. This would facilitate diffusion of any mobile 
nickel from the sediments to the surface water. Although, at present, only a small data set 
is available for the remnant ponds, it does support other findings regarding Key Lake 
sediments reported by CAMECO. 
Substances which might be moved as the ground water level rises were assessed by using 
distilled water ( 50 mL) and 10 g of wet substrate as sampled to prepare a dilute slurry. 
This slurry was stirred vigorously for 1 h and allowed to settle fro 17 h. The slurry was 
centrifuged for 10 minutes and the supernatant was titrated for alkalinity or acidity. With 
the exception of a few supernatants, increases in electrical conductivity were small and 
were generally around 100 pSlcm. In samples in which increases of up to 500 p l c m  
were measured, lower supernatant pHs were recorded. The alkalinities of all solutions 
were low or negligible, suggesting no buffering capacity of the water. The shapes of the 
titration curves generally indicate that only hydrogen ions are generated by the dewatered 
material and solutes are not readily liberated. 
The substrates which produced supernatants with low pH values were evaluated as to 
whether these samples could release Ni when the ground water rises. Their distribution 
with depth and location along the transects was plotted and the data were examined with 
respect to their visual appearance, both in the field and prior to the preparation of the 
slurries. It became evident that relationships between the quantified parameters of the 
samples and the stratigraphic locations, the apparent aerial surface characteristics or the 
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visual sample descriptions are not immediately apparent. 
Regarding physical characteristics of the samples, moisture content (air dried value; 24 
h at 60%) and density were determined. With the exception of about 10 aberrant values 
of the 83 samples collected, density of the material and pH appears to be directly related, 
and pH increases the increasing density. A physical property such as density could be 
used to explain accumulations/ release of Ni, as high density material is less permeable 
to water than lower density material, or materials with a high moisture content might 
solubilize more nickel to distilled water than drier materials. Linear relationships where 
sought between all major parameters determined forthe samples (elemental concentration 
ranges) or the characteristics of the slurries. With the exception of a perfect linear 
relationship between Fe and P concentrations, all other parameters showed no first order 
association. 
The variation in the parameters comprising the data set, obtained to define the approach 
to projecting the water quality in lakes following ground water level rebound, is very large 
and reflects the dynamics of elemental transport. The data obtained have not yet been 
analysed with respect to physical location, exposure within the lake, or other 
dynamic/physical aspects which would relate sample characteristics to the aerial 
distribution of the substrates expected in the dewatered lakes. In order to confirm the 
preliminary conclusion, that the water quality will likely resemble distilled water after the 
ground water has raised, key locations where potential hydrogen ion generation is 
occurring and is associated with some solute release have to be identified within the 
existing data set. These locations must be confirmed with further field sampling. 
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1.0 INTRODUCTION 
Sediments are well known for their richness in metals. This is particularly the case in 
mineralized regions. Metal concentrations in sedirnents are often utilized as exploration 
tools and the elemental distribution in sediments can lead to the discovery of the 
orebodies. Sediments form natural sinks for metals as long as they retain their function as 
sediment, ie. foster an environment which supports microbial processes as outlined in 
Schematic 1. 
Y 
The oxidative processes take place at the interface of the water body and the sediment, 
while in the deeper (generally several cm) portions of the sediment, reductive processes 
take over. When sediments are exposed due to dewatering, it can be expected that metals 
are oxidized and their environmental mobility is changed. Hydrolysis of metals oxides and 
hydroxides results in changes of pH, resulting in either generating or consuming hydrogen 
ions. When metal oxides dissolve into water, they increase the pH of water, as follows: 
Fe20, + 6H' = 2F@ + 3H20 
However, minerals dissolving in water and through this process consuming protons 
(neutralizing water H') also increase the metal concentrations in the water. The major 
difference with respect to the water quality, modified by mineral dissolution, is that the 
acidity has changed from proton acidity to metals acidity. Sediment function is complex, 
as can be derived from the sequence of redox reactions outlined in Schematic 1. Several 
important aspects have to be considered when ground water levels will rise in the Key Lake 
area: 
Are metals of environmental significance expected to be mobilized from the 
sediments, which have experienced an oxidizing environment for more than a 
decade, when the ground water rebounds in the dewatered lakes? 
Is there sufficient buffering capacity in the water to counteract the acid generated 
from the oxidation of reduced iron and the natural sediment pyrite? 
1 
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The overall objective of this work is to address these questions and project surface and 
shallow groundwater quality in the drained lakes in the former cone of groundwater 
depression, when groundwater levels re-establish in the lakes, following cessation of 
dewatering the mined-out open pits. 
The mining activities in the Key Lake area required extensive lowering of the ground water 
table. Due to the hydrogeological conditions of the area, the cone of depression in the 
ground water table has lowered the water levels in many lakes. The cone of ground water 
depression and the water bodies found within this area are outlined in Map 1. Table 1 
summarizes the lake areas which might be affected by the dewatering. About 345 ha of 
lake area are definitely affected by dewatering, and 221 ha of lake area were disturbed 
by mining ( Key Lake, Karl Ernst Lake, and Dieter Lake). Lake areas considered as not 
affected by the ground water depression cover 83 ha of the Key Lake vicinity shown in 
Map 1. The values were based on evaluation of aerial photographs, comparing 1974 
aerials to those of 1994. It is suggested from this assessment that of the total lake surface 
area of 649 ha, 566 ha are surfaces which might contribute to water deterioration. This 
does not include 157 ha of area disturbed by open pit mining and rock pile construction. 
2.0 APPROACH 
To answer the questions posed in relation to projected water quality for the lakes which 
are affected by dewatering (345 ha), a strategy has to be developed which can be used 
as a sound scientific basis for the projection. Two of the dewatered lakes, Lower 
Seahorse Lake and Hourglass Lake (Phase I), were selected to develop a strategy for the 
assessment. Shallow pits were dug along transects, and the strata were described and 
photographed, then solid samples were collected of the different strata evident in the pits. 
The surface characteristics of these two lakes are determined through interpretation of 
aerial photography, comparing 1979 to 1994 conditions, as well as on site observation 
records. 
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The samples were slurried with distilled water and values of pH, conductivity, acidity, 
alkalinity, moisture and density were obtained to define the characteristics of the strata 
sampled from the shallow pits. 
This information is supplemented by data from a series of sequential extractions performed 
on samples collected in dewatered sediments in 1993 from several lakes. Sequential 
extractions provide information about the association of As and Ni in the samples. The 
elements can be present in an exchangeable form (using KNO,), the most environmentally 
mobile form of metals. Second, they can be bound to the organic fraction of the sediments 
(extracted using sodium phosphate and EDTA), which can be degraded by microbial 
activity. Third, a fraction ofthe elements can be associated with the oxides and hydroxides 
(dilute acid extractable), which is relatively immobile compared to the exchangeable and 
organic bound fractions. The fourth fraction, that which is released by a hot acid extract, 
is referred to as the residual fraction. The identification of the degree of metal mobility is 
expected to assist in the projection of the potential mass of metals which might be 
mobilized when the ground water level rises. 
In Phase I I  of the study, a hypothesis or strategy is formulated to determine the metal 
loading to the surface water. Based on the data analysis, the strategy will be confirmed 
with more field work, if required. A relationship between the topographic surface 
characteristics in the entire area within the cone of ground water depression and the 'soil' 
surface characteristics for Hourglass and Seahorse Lake has to be defined in Phase I I .  
The aim is to identify areas with a high potential for metal loading to the rebound surface 
water and develop, should such areas exists, measures which will curtail metal release. 
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2.1 
H 
H 
H 
m 
3.0 
3.1 
Specific Tasks in Phase I 
Determine the area1 extent of exposed and submerged lake sediments and other 
surface features within the original lake outline which are likely related to metals 
concentration in the 'soil' materials. 
Determine the concentrations and chemical forms of the metals by sequential 
extractions from samples of several dewatered lakes. 
Determine the existing sediment characteristics which are found along transects for 
the shallow stratigraphy and their elemental composition. 
Determine the topography/bathymetry of the original lake bottom in relation to the 
existing 1997 lake configuration. 
METHODS 
1993 Field Sampling and Sequential Extractions 
In 1993, a brief survey of several areas where dewatered lake bottom material is exposed 
was performed by Boojum Research. During this survey 18 samples were collected from 
small surface pits. The descriptions of the sampling locations are given in the Appendix 
2. The samples were stored frozen in the Boojum laboratory. 
As part of a 4th year thesis in Environmental Engineering, sequential extractions were 
carried out on a subset of samples in 1995. The detailed methodology is given in 
Appendix 3. For the thesis colorimetric methods were used to determine nickel 
concentrations in the extracts. These appeared interesting but they were not considered 
7 
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reliable. The solid samples and the extracts from the sequential extractions were 
therefore submitted to SRC for chemical analysis, focussing on As and Ni as the elements 
of concern. The extracts from the ‘soil’ had been stored in the fridge. The solid samples 
from which the sequential extracts had been derived were stored frozen since 1993 and 
thawed in 1995 for the sequential extractions. TO confirm that storage in the freezer did not 
alter the sample characteristics, the samples were again thawed in 1997 and relevant 
parameters were remeasured to assure the reliability of the results. 
3.2 1997 Field Sampling 
3.2.1 Transect locations selection 
The overall characteristics of the area surrounding the specific sampling locations are 
described in detail in Appendix 2. The photographic record of sampling is provided in 
Appendix 1. Prior to the selection of the transect location, about 20 pits were dug walking 
somewhat randomly around both dewatered lakes. It became clearthat the exposed lake 
bottom surface appearance bore very little relationship to deeper strata. Both Hourglass 
Lake and Seahorse Lake surfaces in general consist of sand, exposed organic dry 
sediments, exposed sediments with terrestrial vegetation, exposed sediments with 
semiaquatic vegetation and of residual ponds (Map 2 and Map 3). Transects were 
therefore selected to traverse across the main surface features. 
Transect 1 extends from the southern old shoreline northwards to the existing pond 
shoreline of the eastern, smaller half of Hourglass Lake. Therefore, this transect covers 
an area of all general surface types. Transect 2 extends from the original shoreline of 
Hourglass Lake’s eastern, larger section, to the shoreline of the existing pond. This 
transect was chosen as it showed oxidized sand and oxidized sediment on the steep 
embankment in this area. 
a 
CAMECO Corporation. Key Lake Operation 
The potential of releasing oxidation products 
Data Report. December, 1997 


Transect 3 in Lower Seahorse Lake was chosen for similar reasons as Transect 1 in 
Hourglass Lake, as it would cover most of the apparent surface cover characteristics. In 
this lake area, there is little semiaquatic or terrestrial vegetation. Finally, Transect 4 was 
chosen to traverse an area of Lower Seahorse Lake where there was a large deposit of 
organic sediments which had dried out, and is presently supporting a minor amount of 
terrestrial vegetation. In Appendix 1, photographic records are given for the overall areas 
where the transects are selected and for the small pits excavated while on site. 
3.2.2 Shallow pit sampling 
Along the four transects, small pits were excavated at 50 to 100 m intervals. Generally, 
a small pit was dug with a shovel to a depth of 50 to 90 cm. A photographic record of the 
small pit was made and the thickness of each stratum in the pit was measured and 
described. 
If the bottom stratum of a pit consisted of white sand, the pit was then considered 
complete, assuming that this white sand stratum extended downwards at depth. If, on the 
other hand, iron-stained sand was present at the bottom of the pit after excavation to as 
deep as possible by hand, the power drill was used to obtain information about deeper 
material. Overall, the shovel method was used to dig the pits, as the drill method 
homogenized samples, preventing detailed description of the pit strata. 
Substrates forming thin strata were sampled by clearing material above and below the 
stratum with a large Exacto knife to prevent mixing of materials from different strata. If the 
target stratum was thick, a trowel was used for sampling. Collected material was stored 
in whirlpacks which were kept cold until processing in the laboratory. After laboratory 
processing, the samples were frozen. 
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Qualitative descriptions of the pits and the samples was made in the field, recording 
general characteristics such as colour, smell, texture, organic debris, organic matter and 
water content. Detailed descriptions are given in Appendix 2 and photographs are provided 
in Appendix 1. 
3.2.3. Laboratorv Methods 
The samples were stored in coolers, kept cool with freezer packs. As samples where 
removed from the whirlpacks, qualitative description of the samples was repeated. With the 
comparison of the field descriptions and the laboratory description, any errors in labelling 
can be detected and sample identity can be verified. A total of 83 solid samples were 
processed for chemical analysis and slurried for the determination of substrate 
characteristics. 
Slurry supernatant preparation: A 10 g (wet weight) portion of each sample was weighed 
and added to 50 mL of distilled water (volume (mL) to weight (g) ratio was 51). The slurry 
was stirred for 1 hour on a magnetic stirrer, and then allowed to settle overnight before 
measuring pH, conductivity and redox. Em (measured Eh) values were converted to Eh 
values using the standard electrode potential and temperature. Measurements were 
made after a 17 h settling period. The pH was measured using a Corning M103 pH meter. 
Conductivity was determined with Orion Conductivity/Salinity Meter, Model 140. Em was 
determined using a Cornlng M103 pH Meter with Accumet Calomel Reference Electrode 
pair. If a sample’s slurry pH was low, a second subsample form the original whilpack was 
slurried as before and pH was measured. 
Moisture content and density : A 60 mL (wet) subsample of each sample was weighed 
to obtain the wet weight. The material was placed in a drying oven at 60°C for at least 24 
h to obtain a air-dry weight. The moisture content and a density were obtained as follows: 
Wet Weight of 60 mL Wet Sample (g )  - Dry Weight of 60 mL Air-dried Sample (g) 
Wet Weight of 60 mL Wet Sample (g)  
,oo Moisture (%) - 
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Wet Weight of 60 mL Sample (g) 
60 mL Wet Volume of Sample (mL) 
Field quasi density (glmL) = 
Acidity and alkalinity measurement: A 45 mL portion of the slurry sample was 
centrifuged for 10 minutes at 800 rpm (International Equipment Company, HN-S 
centrifuge). Ten mL of centrifuge supernatant was decanted and acidity and alkalinity 
determinations were made using a Brinkman 702 SM Auto Titrino, utilizing either 0.01 N 
NaOH (to pH 8.3) or 0.01 N H,SO, (to pH 4 3 ,  respectively. 
Confirmation of sample integrity in freezer: The samples were thawed and the pH was 
remeasured in 50 g wet solid sample stirred with 50 mL distilled water (water to sample 
ratio was 1:l). The samples were stirred on VARl MAG Electronic Stirrers for one hour, 
then allowed to settle for one hour before measuring pH . A second measurement was 
made after 17 hours. Electrical conductivity and Eh were also determined in the slurry. 
4.0 RESULTS 
The data collection which has been brought together to address the overall objective 
consists of several components: 
Sequential extractions of substrates collected in 1993 from Hourglass Lake, Lower 
Seahorse Lake and Murphy Lake; 
w Surface water samples and sediments collected in 1997 from the remnant lakes 
where sediments were continuously covered with water; 
w Elemental composition of substrate samples; 
rn Physical and chemical characteristics of substrate samples; 
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Interpretations of 1979 and 1994 aerial photos transferred to 1994 contour maps to 
define exposed lake bottom topography; 
Elevation profiles through Hourglass and Lower Seahorse Lake; 
This data set is presented as a data compilation with preliminary interpretation in this 
Phase I report. 
4.1 Sequential extractions 
The physical and chemical characteristics of the samples collected in 1993 (stored until 
processing in 1995) are summarized in Table 2. The pH values of the slurries range from 
3.6 to 6.0, which might raise some concern regarding mobility of metals contained in the 
dewatered substrates. The electrical conductivity is generally low, ranging from 15 pSlcm 
to 190 pS/cm when the slurry pH was above 4.4. Conductivity was higher, up to 441 
VS/cm, when the slurry pH was below 4.4. However, the acidities and alkalinities of the 
slurries are very low, with values not exceeding 50 mglL CaCO, equivalent. This suggests 
that metals are not released, and the acidity is hydrogen ion acidity. 
It was possible that storage in the freezer may have resulted in these particularly low pH 
values. The samples were re -thawed and processed using the same procedures as used 
prior in the sequential extractions. Details of the sequential extractions are given in 
Appendix 3. In Table 3, the values of the relevant parameters measured in the slurries 
obtained from the re-thawed material stored in the freezer for 4 years are presented. The 
data show that the values are very similar for the two sets of tests, indicating that there is 
little to no change in the material due to freezing. The results are remarkably consistent, 
particularly considering that the slurries are made from a second subsample of the 
collected material. 
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In Figure la ,  the pH values are plotted against the 1997 values for comparison of values 
determined after storage for 1 year in the freezer to values obtained from a second 
subsample in 1997. With the possible exception of 2 samples in the neutral pH range, the 
pH values were reproducible after the storage period. The same reproducibility is 
demonstrated for the electrical conductivity (Figure 1 b). It is concluded that the storage 
in the freezer is not altering the physicakhemical characteristics of the samples. The 
binding or adsorption characteristics of the materials is therefore unlikely being altered. 
If freezing would affect these characteristics, it would be expected that the conductivity 
would have increased during storage and larger differences in pH values may have been 
noted after re-thawing for the second time. 
The results of the sequential extractions are presented for As and Ni concentrations in 
Figure 2a to Figure 2c. The maximum expected concentration in the extract (based on total 
concentration determined in the solid sample) is plotted against the mass of the sum of the 
element determined in the four extracts (Figure 2a). Although the sequential extractions 
were carried out on 11 samples, for two samples the exchangeable fraction and the 
organic was used up in the colorimetric determinations. Thus, only 9 samples could be 
used to evaluate the fractions and the mass balance. For arsenic, all samples have a 
perfect agreement between expected and reported amount in the extracts, indicating 
excellent data set quality. For Ni, in 3 samples more mass was reported in extracts than 
could be expected from the solid analyses, but for the remaining samples, expected and 
reported concentrations are in good agreement. Although the samples were homogenized 
prior to splitting into subsamples for chemical analysis and sequential extraction, a perfect 
mass balance of the elements can rarely be expected. The extraction data from this 
sample set generally show a very good recovery of the elements of concern. The data set 
can be considered reliable, particularly when the low absolute concentrations of both 
elements (Appendix 7, data for Fig.2a - 2c) are taken into account. At lower concentrations, 
both Ni and As assays are more prone to analytical error compared to cases when these 
elements are present at higher concentrations. The excellent mass balance for the 
elements of concern allow valid conclusions to be drawn with respect to the forms in 
which Ni and As is found in the dewatered sediment material in the Key Lake area. 
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Fig. 2a: As ans Ni Concentrations in Extracts, 1993 
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Further sequential extractions, according to the methods outlined in Appendix 3, are not 
required. However, the concentrations of the elements of concern in the supernatant of 
distilled water-substrate slurries are of interest. 
In Figure 2b, the distribution of the fractions is given as percent, based on the sum of As 
in the extracts for the 9 samples. The residual fraction of As in the dewatered sediments 
ranges from 20% to 60% . The fraction of As which can be extracted with dilute acid is 
generally lower than 15% or can be entirely negligible. As these two fractions can be 
considered as stable and unlikely to be mobilized by rising ground water, it is reasonable 
to assume that about 50°h of the As can never be mobilized by the ground water. The 
likely fractions mobilized with groundwater rise is the exchangeable fraction, which is only 
about 10%. 
For Ni (Figure 2c), the results from the sequential extractions suggest that, generally, more 
than 50 % of this element's mass is associated with a potentially mobile fraction, either as 
exchangeable or organically bound Ni. The absolute concentrations of Ni are also higher 
than those of As (See Appendix 7). The samples used for the sequential extractions 
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Fig. 2b: Key Lake Sediment Extractions, 1993 
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Fig. 2c: Key Lake Sediment Extractions, 1993 
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covered the majority of the substrate types found in the Key Lake area (Table 2), 
representing sand, silt and organics comprising the dewatered sediment (Plates 27 to 
Plates 49 in Appendix 1). The results of the sequential extractions suggest that Ni might 
be a element of concern for the water quality, after the ground water reaches original lake 
levels. 
4.2 Surface Water Quality in Remnant Ponds 
Remnant pond water quality (Table 4a) does indicate slightly elevated Ni concentrations 
in the surface water in one sample. Arsenic concentrations are all very low as expected 
and, in some cases, at the detection limit. The concentrations of Ni in the sediments in the 
remnant ponds can be compared to the water quality (Table 4b). No relationship between 
the sediment concentrations and the water quality is evident as the sediment 
concentrations range from 5.2 ug/g of Ni to 200 ug/g and the lowest water concentration 
of Ni is not associated with the low sediment concentration. Although this is a small data 
set, it does indicate that the results ofthe sequential extractions (which suggest that nickel 
could be available from the sediment) cannot be used directly to extrapolate to the mobile 
fraction of Ni. It also clearly shows that healthy sediments retain nickel and do not release 
it to surface water, despite the high exchangeable and organically bound fractions 
determined for some substrates during the extraction procedure. 
In Figure 3a and 3b, the acidity and alkalinity titration curves for the surface water in the 
remnant ponds are given. Ttitrations for distilled water are included for comparison. 
Remnant pond water resembles distilled water, with essentially no buffering capacity and 
negligible acidity and alkalinity (Table 4a). The very smooth end of the titration curves 
suggest the absence of any organic molecules. Such a resemblance indicates that the 
remnant ponds are maintained by rain water and are not connected to the ground water 
regime. These results also suggest that, given these characteristics of the surface water, 
distilled water extracts from the soil strata would provide a realistic picture of the fraction 
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ofthe nickel which would be mobilized from the substrates by the rising ground water level. 
Although these results are not directly relating to the overall objective, they are important 
as they indicate that titrations of substrate : distilled water slurry supernatants could be 
used to estimate the characteristics of substrate pore water quality following re-inundation 
of dewatered sediments. Slurry supernatants may contain a more representative Ni 
concentration, resembling that mobilized by re-inundation, than those derived from the 
"classical" sequential extractions. 
4.3 Elemental Composition of Substrates 
The concentrations of major elements present in the substrate samples collected from the 
shallow pits along the transects in Lower Seahorse Lake and Hourglass Lake are 
summarized in Table 5a. For each transect, the range of concentrations which are 
encountered is very large for AI, Fe, K, Mg, Mn, Ni, and P, while MO and Se ranges are 
small. The uneven sample sizes in each transect and the large ranges of elemental 
concentrations in the strata indicate that a characterisation of the surface material with 
respect to average concentrations is meaningless. Such average concentrations of 
elements would have to be established statistically, if surface water quality is to be 
projected for all the Key Lake water bodies. Elemental loadings to surface water have to 
be based on the mass of Ni in the top 1 m layer of exposed substrates which would be 
extractable with distilled water. The projected concentration of Ni in the lake water 
following ground water level rebound can be calculated by diluting this mass of Ni by the 
volume of lake water present at the original (pre-mining ) water level. 
For completeness of the data summary, the same elemental concentrations (when 
available) for the 1993 samples where sequential extractions where carried out are 
presented in Table 5b. These samples show the same large ranges as the larger data set. 
It should be noted that this sample set contains samples from several other lakes in the 
area, and not only Lower Seahorse and Hourglass Lakes. These large ranges in 
concentrations are a clear indication, that the data set has to be analyzed in more detail 
to define a valid approach to projecting water quality. 
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4.4 PhysicallChemical Characteristics of Substrate Samples 
In Appendix 7 ,  the results of the physicallchemical characterization of the substrate slurries 
are summarized for all solids collected. These parameters are used to determine any type 
of regularity between the chemical characteristics or the physical characteristics and the 
stratum type. 
The surface characteristics which are plotted on Maps 2 and 3 were used, and a 
correlation was sought between Fe and Ni concentrations. This correlation is based on the 
assumption that, if the surface appearance is related to iron movement as indicated 
visually by the colouration of the sand, it may be that Ni (known to strongly adhere to iron 
oxides) could be related to the surface appearance. 
The correlation is presented in Appendix 7 as Figure 9. A strong relationship between the 
surface appearance of the material is not evident, as the surface characteristics plotted in 
the maps, such as sand, silt, dewatered sediment etc. are not tightly clustered together in 
relation to the iron and Ni concentrations. If, for example, all the oxidized sand samples 
would contain a certain range of Ni and Fe concentrations, oxidized sand samples, 
depicted by a specific symbol in the plot, would all report to the same area in the graph. 
It should be noted that the graph had to use logarithmic x and y axes. If the surface 
appearance description could be associated with a narrow concentration range, then 
surface appearance descriptions could be extrapolated to the larger Key Lake dewatered 
lake areas for estimation of nickel concentrations. Such relationships and/ or correlations 
are required for the projection of the water quality in the lakes in the larger Key Lake area. 
It was proposed to use aerial photography and relate the surface characteristics to metal 
concentrations. Early results of this very simple initial approach to data analysis indicate 
that the system is more complex, and regularities or patterns have to be determined using 
a different statistical approach, taking spatial distribution and geochemical aspects also into 
account. 
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other elemental pairs, such as AI and Acidity and AI and P (Appendix 7). However, the 
same data analysis yields a pattern for the concentrations of Fe and Ni (Figure 5a and 5b). 
Since a large number of samples contained relatively low concentrations of Ni, Figure 5b 
presents samples containing only up to 150 mglkg of Ni. 
In Figure 5b (0 to 150 rnglkg Ni), differences between the transects are evident. The 
relationships between the iron and the nickel concentrations for transects 1, 2 and 4 are 
not linear. However, for transect 3, nickel concentrations are directly related to iron 
concentrations. Together with the shape of the relationship displayed for the entire data 
set (Figure 5a), two types of nickel associations may be present. One type of nickel has 
weathered and is mobilized togetherwith iron, such as in transectT3, but in the otherthree 
transects, the nickel and iron association is independent of each other. Once a 
concentration of iron has reached about 100,000 mglkg (or 10 %), the nickel 
concentrations increase in this material. 
In Figure 6a and 6b, it can be seen that Ni concentrations are related to the concentrations 
of phosphate. A very similar pattern of the relationship emerges as previously observed 
for Ni and Fe. This is the case for both when all data are presented (Figure 6a) and when 
a limited data set (samples with Ni concentrations 4 5 0  mglkg) are used (Figure 6b). 
Phosphate and nickel concentrations appearto be directed and linearly related in samples 
collected from all transects. These correlations may suggest that a relationship exists 
between phosphorus and nickel, and Ni mobility is associated with that of phosphate, 
ratherthan with iron. Oxidized iron is expected to react and form a ratherstable compound 
with phosphate. This data analysis exercise demonstrates that, by investigating the 
geochemical relationships between the elements, some understanding of weathering 
behaviour may be gained. 
Agood example is the strong direct linear relationship between iron and phosphorus in the 
sample set. The tight relationship between these two elements is remarkable, given that 
previous attempts to find clear correlations between the various elements failed (Figure 7). 
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4.5 Spatial Distributions by Depth and Area 
The next approach to the data analysis was to determine if Ni concentrations might be 
related to depth of the stratum or a more general classification of the materials. In 
Schematics 2a to 2d, the concentrations of Ni are plotted with depth, integrated with a 
stratigraphic description for each sampling interval for all 4 transects. The detailed 
stratigraphic descriptions are given in Appendix 2 along with the derivation of detailed 
descriptions to arrive at a general classification system which could be plotted. 
The distribution of Ni with depth or sampling interval, determined by the extent of the strata 
measured in the shallow pits, does not suggest strong associations between the type of 
stratum and its Ni concentration (high or low). The depth of the stratum and its Ni 
concentration are also clearly not related. At some locations, high Ni concentrations are 
found in surface strata, but at other locations, substrates contain low Ni concentrations, 
while deeper strata in the same location have higher concentrations of Ni. This distribution 
could reflect either recent mobility since dewatering in the last 10 years, or the 
characteristics of the materials. The most important conclusion is that, at some locations, 
the Ni concentrations are generally high and not restricted to one particular substrate type 
(for example, in Transect 2, T2-75; Transect T3, T3-75). In contrast, along Transects 1 
and 4, only surface samples report higher nickel concentrations. At this stage of data 
interpretation, the complexity of the problem is obvious. The uniformity of the landscape 
in the Key Lake area, when surface characteristics are considered (documented with the 
Plates; Appendix I), is clearly deceiving considering the wide variations in the substrate 
characteristics identified below the surface. 
It was postulated that the spatial distribution of the pH values could possibly explain the 
distribution of the Ni concentration. However, substrate slurries’ pHs are plotted with the 
stratigraphy (Schematics 3a to 3d) in the same manner as the nickel concentrations 
(Schematics 2a to 2d), the complexity remains evident. No association can be noted 
between the material’s slurry pH, its depth of sampling or sampling location, and the Ni 
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concentration in the substrate. It could have been anticipated that, when iron oxidizes and 
releases hydrogen ions, the pH drops and the nickel is mobilized. This nickel could either 
have moved downwards to lower strata, and may even have travelled below the top 0.9 
m of the substrate profile and ultimately joined the ground water. 
It might be expected higher nickel concentrations could be encountered in samples with 
low pHs and elevated acidities in substrate slurries. However, since this process could be 
been occurring for the past 10 years, a significant fraction of the Ni may already have been 
leached from these same samples, and elevated Ni concentrations in slurries may not be 
consistently detected. The mobilized Ni may have migrated to deeper strata or joined 
groundwater. On the other hand, the higher concentrations of Ni could be associated with 
samples whose slurries' pH was circumneutral or alkaline, where Ni has not mobilized 
since dewatering. 
To address these questions, the supernatants of sample slurries whose pH was less than 
4.0 were titrated with NaOH to measure acidity and examine the shapes of these acidity 
titration curves. These curves are presented in Figures 8a to 8d. Although the acidities in 
some slurry supernatants were slightly higher that the pond water or distilled water, nickel 
precipitation (low slope zone of the curve expected between pH 7.4 and 8.6) is only noted 
for a few samples in Transect 2. All remaining samples display very similar curves and 
essentially resemble distilled water with hydrogen ions. Questions which arise from these 
data include the following: 
. Does acidity affect Ni mobility, or is there enough buffering capacity in ground water 
What is the total hydrogen ion loading that might be expected upon re-inundation? 
What biogeochemical processes have lead to the production of hydrogen ions and 
so that substrate pore water will be neutralized when the ground water surfaces? . . 
the lowering of the pH? 
These questions may or may not be relevant to the overall objective to be addressed, but 
they will relate to Ni mobility. 
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In Table 6, the pH values of the slurries of different ratios of substrates to distilled water 
are presented. The pH measurements after 17 h can be compared for 1: 5 and the 1:l 
slurries. The 1 h pH measurements given for the 1:l slurry indicated the concentration of 
hydrogen ions stored in the substrate sample and released upon slurrying, while the 17 h 
slurries may include additional hydrogen ions generated by oxidation of iron during the 17 
h stirring procedure. From the results, there is no indication that additional acidity was 
released upon stirring for another 16 h, and that substances are mostly already oxidized 
in the samples. 
The physical structure of all the acid samples was examined in detail to discern whether 
there would be a structural/ textural similarity between the samples. For example, samples 
were all exampled for visible organic matter. In Appendix 5, a photographic record is 
provided of the dried samples which were inspected with a binocular microscope 
(magnification 30 x) for any similarities. From inspection of the photographs, it can be 
concluded that hydrogen ion production cannot be simply related to some textural 
similarity. 
To explore further possible processes which lead to the low pH values in the slurries, 
percentage moisture is plotted against pH (Figure 9). It should not come as a surprise that 
a non-parametric variable such as YO moisture, in this case, the air-dried moisture value, 
does not relate to pH, a logarithmic value. However, Figure 9 could be suggesting two 
populations of samples. Samples with pH values below 4.5 show increasing moisture 
content. A second population of samples, with a pH values above 4.5, have moisture 
contents around or below 20 %. 
Further analysis of the samples and moisture content, including oven-dried material and 
organic matter content ( LOI), may indicate that, where moisture is available in the 'soil', 
pyrite oxidation is taking place, as was previously suggested based on geochemical 
simulations carried out for acid streams entering the Gaertner Pit (Appendix 6). 
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The idea that physical conditions of the stratum from which the samples are obtained may 
be of importance can be explored by plotting the density of the sample against pH of the 
slurry (Figure 10). If samples with a density higher than 1.2 g/cm3 are ignored, as well as 
the two samples with low densities (0.4 g/cm3) , a good correlation exists between this 
physical parameter of the samples and pH. This would suggest that, in samples with higher 
density, less water movement through the stratum is expected and fewer hydrogen ions 
are produced. Should this be the case, then the physical location ofthe sample might yield 
a key to understanding the characteristics of the surface strata of the dewatered lakes. 
A first step to define the physical position of the pits with their samples was made by 
plotting cross sections of the transects in Lower Seahorse Lake and Hourglass Lake 
(Schematics 4 and 5). Their locations are given in Maps 2 and 3, along with the outline of 
the former lake margins, the lake margins following the first phase of dewatering, and the 
current aerial extent of remnant ponds. General surface characteristics which were 
encountered in 1997 are also shown in Maps 2 and 3. The next step of the data 
interpretation needs to delineate the history of substrate exposure, oxidation, leaching and 
secondary mineral formation over past 10 years during the period of ground water level 
depression. 
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5.0 CONCLUSION 
Bullets forthcoming when editing of body of text completed. 
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APPENDIX I 
EXPOSED SEDIMENTS STUDY 
PHOTO RECORD 
LIST OF PLATES 
Plate 1: 
Plate 2: 
Plate 3: 
Plate 4: 
Plate 5: 
Plate 6: 
Plate 7: 
Plate 8: 
Plate 9: 
Plate 10: 
Plate 11: 
Plate 12: 
Plate 13: 
Plate 14: 
Plate 15: 
Key Lake: Hourglass Lake at location HG-T1-0 rn near old 
shoreline, looking west-northwest. August 1997 . . . . . . . . . . . . . . . . . . . 1 
Key Lake: Hourglass Lake along TI -  transect looking northwest 
towards pond. August 1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Key Lake: Hourglass Lake at location HG-T1-80 rn. August 1997 . . . . 3 
Key Lake: Hourglass Lake at location HG- T1-100 rn. August 1997 . . 4 
Key Lake: Hourglass Lake at location HG-T1-150 rn. August 1997 . . 5 
Key Lake: Hourglass Lake at location HG-T1-250 m looking northwest. 
Location HG-T1-280 m and South Pond in background. August 1997 . 6 
Key Lake: Hourglass Lake looking northwest, showing locations 
HG-T1-290 m (left) and HG-T1-300 m (middle). August 1997 . . . . . . . 7 
Key Lake: Hourglass Lake showing T1 area and eroded lake 
bottom, looking southwest. August 1997. . . . . . . . . . . . . . . . . . . . . , . . . 7 
Key Lake: Hourglass Lake at location HG-T2-50 m, looking west. 
Locations HG-T2-25 m and HG-T2-O rn in background. August 1997 . . 8 
Key Lake: Hourglass Lake at location HG-T2-75 rn. Locations 
HG-T2-50,25 m in background. August 1997. . . . . . . . . . . . . . . . . . . . 9 
Key Lake: Hourglass Lake at location HG-T2-100 m. HG-T2-75, 50, 
25, and 0 rn in background. August, 1997 . . . . . . . . . . . . . . . . . . . . . . 10 
Key Lake: Lower Seahorse Lake, location LSH-T3-O m in the 
foreground; Location LSH-T3-50 rn and T3 Pond in background. 
August,1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Key Lake: Lower Seahorse Lake, location LSH-T3-50 m. 
August,1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
Key Lake: Lower Seahorse Lake, location LSH-T3-400 m, looking 
southeast. The T3 Pond is in the background. August, 1997 . . . . . . . 12 
Key Lake: Lower Seahorse Lake, location LSH-T3-350 m. 
August1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
i 
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Plate 16: 
Plate 17: 
Plate 18: 
Plate 19: 
Plate 20: 
Plate 21: 
Plate 22: 
Plate 23: 
Plate 24: 
Plate 25: 
Plate 26: 
Plate 27: 
Plate 28: 
Key Lake: Lower Seahorse Lake, location LSH-T3-400 m. Rocks 
in photo are rimmed with Fe - Mn nodules. August, 1997 . . . . . . . . . . 14 
Key Lake: Lower Seahorse Lake. LSH T3 Transect, looking from 
LSH-T3-400 m northwest toward LSH-T3-540 m. August, I997 . . 
Key Lake: Lower Seahorse Lake. LSH T3 Transect at LSH-T3-540 
looking west towards T4 transect area (in distant background). 
August,1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Key Lake: Hourglass Lake looking southwest from west perimeter 
road over Large North Pond (middle left) August 1997 . . . . . . . . . . 
Key Lake: Lower Seahorse Lake looking northwest towards HGL T4 
area (brownlvegetated slope in centre). August 1997 . . . . . . . . . . . . . 
Key Lake: Lower Seahorse Lake looking west towards HGL T4 
transect area (brownhegetated slope in background). 
August1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Key Lake: Lower Seahorse Lake, HGL T4 transect, looking west. 
HGL-T4-34 m (middle), HGL-T4-20 m (far middle) HGL-T4- 0 m 
(at back near truck). August 1997 . . . . . . . . . . . . . . . . . . . . . . . . 
Key Lake: Lower Seahorse Lake at location LSH-T4-34, 
August 1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Key Lake Lower Seahorse Lake at location LSH-T4-20 m, 
August 1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Key Lake: Hourglass Lake North Large Pond looking south. 
June1993 . . . . . . . . . . . . . . _ _ _ . . . _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _  
Key Lake: Hourglass Lake at June 1993 sampling station HGL-3, 
looking northwest. June1993 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Key Lake: Iron-manganese nodules lying on exposed sediment 
surface of Hourglass Lake at June 1993 sampling station HGL-1. 
June1993 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Key Lake: Hourglass Lake June 1993 sampling station HGL-4, 
located on the shore of the Large North Pond. June 1993 . . . . 
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Plate 29: 
Plate 30: 
Plate 31: 
Plate 32: 
Plate 33: 
Plate 34: 
Plate 35: 
Plate 36: 
Plate 37: 
Plate 38: 
Plate 39: 
Plate 40: 
Plate 41 1 
Key Lake: Hourglass Lake exposed sediments looking northeast 
from the June 1993 sampling location HGL-1 towards HGL-2. 
June1993 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Key Lake: Hourglass Lake diversion ditch located at southeast corner, 
excavated during drainage of lakes in the vicinity of Key Lake. 
June1993 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Key Lake: Lower Seahorse Lake at shore of T3 Pond in June 1993 
(looking northeast) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Key Lake: Terrestrial moss colonizing exposed organic lake sediment 
at the June 1993 sampling station LSL-2 near the 1997 station 
LSH-T3-70m. June1993 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Key Lake: Pit excavated into exposed organic lake sediment at the 
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Plate 1: Key Lake: Hourglass Lake at location HG-T1-0 m near   
old shoreline, looking west-northwest.  August 1997. 
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Plate 2: Key Lake: Hourglass Lake along T1-transect looking northwest  
  towards pond. August 1997. 
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Plate 3: Key Lake: Hourglass Lake at location HG-T1-80 m. August 1997. 
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Plate 4: Key Lake: Hourglass Lake at location HG- T1-100 m. August 1997 
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Plate 5: Key Lake: Hourglass Lake at location HG-T1-150 m.   
   August 1997. 
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Plate 6: Key Lake: Hourglass Lake at location HG-T1-250 m   
   looking northwest.  Location HG-T1-280 m and South   
   Pond in background.  August 1997. 
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Plate 7: Key Lake: Hourglass Lake looking northwest, showing locations 
HG-T1-290 m (left) and HG-T1-300 m (middle).  August 1997. 
PPlate 8:  Key Lake: Hourglass Lake showing T1 area and    
        eroded lake bottom, looking southwest. August 1997. 
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Plate 9: Key Lake: Hourglass Lake at location HG-T2-50 m,   
   looking west.  Locations HG-T2-25 m and HG-T2-0 m  
   in background.  August 1997. 
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Plate 10: Key Lake: Hourglass Lake at location HG-T2-75 m.    
   Locations HG-T2-50, 25 m in background.   
August 1997. 
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Plate 11: Key Lake: Hourglass Lake at location HG-T2-100 m.     
  HG-T2-75, 50, 25, and 0 m in background.  August, 1997. 
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Plate 12: Key Lake: Lower Seahorse Lake, location LSH-T3-0 m  
  in the foreground; Location LSH-T3-50 m and T3 Pond in  
background.  August 1997. 
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Plate 13: Key Lake: Lower Seahorse Lake, location LSH-T3-50 m,  
  August 1997. 
Plate 14: Key Lake: Lower Seahorse Lake, location LSH-T3-400 m   
  looking southeast.  The T3 Pond is in the     
  background.  August 1997. 
 
  CAMECO Corporation, Key Lake Operation 
Exposed Sediments Study: Photo Record 
December, 1997 
13
 
 
 
 
 
Plate 15: Key Lake: Lower Seahorse Lake, location LSH-T3-350 m   
  August 1997. 
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Plate 16: Key Lake: Lower Seahorse Lake, location LSH-T3-400  m,  
  Rocks in photo are rimmed with Fe – Mn nodules.     
  August 1997. 
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Plate 17: Key Lake: Lower Seahorse Lake.  LSH T3 Transect,   
   looking from LSH-T3-400 m northwest toward LSH-  
   T3-540 m.  August 1997. 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 18: Key Lake: Lower Seahorse Lake.  LSH T3 Transect at  
   LSH-T3-540 looking west towards T4 transect area (in  
   distant background).  August 1997. 
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Plate 19: Key Lake: Hourglass Lake looking southwest from   
   west perimeter road over Large North Pond (middle   
   left).  August 1997. 
Plate 20: Key Lake: Lower Seahorse Lake looking northwest   
   towards HGL T4 area (brown/vegetated slope in   
   centre).  August 1997. 
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Plate 21: Key Lake: Lower Seahorse Lake looking west     
  towards HGL T4 transect area (brown/vegetated slope   
  in background).  August 1997. 
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Plate 22: Key Lake: Lower Seahorse Lake, HGL T4 transect,   
   looking west.  HGL-T4-34 m (middle), HGL-T4-20 m   
   (far middle) HGL-T4-0 m (at back near truck).   
August 1997. 
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Plate 23: Key Lake: Lower Seahorse Lake at location LSH-T4-34 
   August 1997. 
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Plate 24: Key Lake Lower Seahorse Lake at location LSH-T4-20 m  
   August 1997. 
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Plate 25: Key Lake: Hourglass Lake North Large Pond looking south 
June 1993. 
Plate 26: Key Lake: Hourglass Lake at June 1993 sampling   
   station HGL-3, looking northwest.  June 1993. 
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Plate 27: Key Lake: Iron-manganese nodules lying on exposed    
  sediment surface of Hourglass Lake at June 1993    
  sampling station HGL-1.  June 1993. 
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Plate 28: Key Lake: Hourglass Lake June 1993 sampling   
   station HGL-4, located on the shore of the Large   
   North Pond.  June 1993. 
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Plate 29: Key Lake: Hourglass Lake exposed sediments    
   looking northeast from the June 1993 sampling   
   location HGL-1 towards HGL-2.  June 1993. 
Plate 30: Key Lake: Hourglass Lake diversion ditch located at   
   southeast corner, excavated during drainage of lakes   
   in the vicinity of Key Lake.  June 1993. 
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Plate 31: Key Lake: Lower Seahorse Lake at shore of T3 Pond   
   in June 1993 (looking northeast). 
Plate 32: Key Lake: Terrestrial moss colonizing exposed   
   organic lake sediment a the June ’93 sampling station  
   LSL-2 near the 1997 station LSH-T3-70 m.  June 1993. 
 
  CAMECO Corporation, Key Lake Operation 
Exposed Sediments Study: Photo Record 
December, 1997 
26
 
 
 
 
 
Plate 33: Key Lake: Pit excavated into exposed organic lake sediment at the 
June 1993 sampling station LSL-1, near the new 1997 T3 transect 
near LSH-T3-70 m.  June 1993. 
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Plate 34: Key Lake: Pit excavated into exposed organic lake   
   sediment at the June 1993 sampling station LSL-1.    
   Organic sediment has been scraped away to show   
   underlying sand.  June 1993. 
 
 
 
Plate 35: Key Lake: Lower Seahorse Lake, June 1993 sampling  
   location LSL-3.  Pit excavated through layer of    
   organic sediment into strata of sand.  June 1993. 
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Plate 36: Key Lake: Lower Seahorse Lake. Overview of    
   exposed lake bottom looking from LSL-1 area to the   
   west.  June 1993. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 37: Key Lake: Lower Seahorse Lake at the pond in the   
   vicinity of the June 1993 sampling locations LSL-3   
   and LSL-4. June 1993. 
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Plate 38: Key Lake: Layered sand strata embankment in Lower  
   Seahorse Lake near the pond in the vicinity of the   
   June 1993 sampling locations LSL-3 and LSL-4. June,1993. 
 
 
 
 
 
 
 
Plate 39: Key Lake: Lower Seahorse Lake.  Overlooking pond where 
the June 1993 LSL-4 samples were taken.   
June 1993. 
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Plate 40: Key Lake: Lower Seahorse Lake.  The June 1993  
LSL-4 pit at the start of its excavation.  June 1993. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 41: Key Lake: Lower Seahorse Lake.  Overlooking pond   
   where the June 1993 LSL-4 samples were taken,   
   looking to the west.  June 1993. 
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Plate 42: Key Lake: June 1993 sampling station ML-2 located at  
   the west end of Murphy Lake.  June 1993. 
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Plate 43: Key Lake: June 1993 sampling station ML-2 located at the 
west end of Murphy Lake.  June 1993. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 44: Key Lake: Overview of west end of Murphy Lake,  
   looking east, sampled in June 1993. 
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Plate 45: Key Lake: June 1993 sampling station ML-1A located   
   near the old shoreline at the west end of Murphy   
   Lake.  June 1993. 
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Plate 46: Key Lake: June 1993 sampling station ML-1B located   
   near the old shoreline at the west end of Murphy   
   Lake.  June 1993. 
 
 
 
 
 
 
 
 
Plate 47: Key Lake: Peter Lake shoreline.  Water sampling in   
   progress using tube, due to soft ground conditions   
   near shoreline.  June 1993. 
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Plate 48: Key Lake: Peter Lake shoreline. Water sampling completed 
done using tube, due to soft ground conditions near 
shoreline.  June 1993.  
 
Plate 49:  Key Lake: Overview of Frank Lake viewed from camp road. 
June 1993. 
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1. DESCRIPTION OF 1993 SAMPLING 
LAKE LOCATION SITE DESCRIPTION 
Hourglass Lake 
Lower Seahorse 
Lake 
Murphy Lake 
Key Lake 
Frank Lake 
Peter Lake 
HGL-1 Lake bottom 
HGL-2 Lake bottom 
HGLS Lake bottom at new shore 
HGL-4 Shore of pond 
HGLd Hourglass Canal at Culvert 
LSL-1 Lake bottom 
LSL-2 
LSLS Lake bottom 
Shore of first of four ponds 
LSL-4 
ML-1 At lake shore 
ML-2 Shore of lake 
KL-1 Lake bottom 
FL-1 Lake bottom 
FL-2 Lake bottom 
Shore of second of four ponds 
PL-1 Shore of lake 
PL-2 Shore of lake 
ORIGINAL 
DEPTH 
LAKE SAMPLE DESCRIPTION STRATUM 
2 m  
8 m  
12 m 
7 m  
8 m  
2 m  
5 m  
3 m  
5 m  
2 m  
Sand with iron oxide Surface 2 cm 
Fe-Mn nodules on sand Surface 
Oxidized gyttja with roots 0-1 0 crn 
Oxidized gyttja 10-25 cm 
Saturated gyttja below 25 cm 
Pond water Surface 
Stream water Surface 
Oxidized gyttja 5 -10cm 
Sand with iron staining 
Pond water Surface 
Iron precipitate layer 0 - 5 c m  
Gray-black reduced layer 5 -10cm 
Unoxidized gyttja 
Pond water Surface 
15 - 25 cm 
15 - 30 cm 
Oxidized gyttja with roots 0-5 cm 
Sand with iron oxide 5 - 15cm 
Lake water Surface 
Oxidized gyttja with roots 0 -35 cm 
Oxidized gyttja with red iron hardpan 35 - 45 cm 
Oxidized gyttja 0 -10cm 
Sand 10-30cm 
Oxidized gyttja 0 -20cm 
Unoxidied gyttja, saturated 30 - 60 crn 
Unoxidied gyttja, saturated muck 0-25crn 
Lake water Surface 
2.0 DESCRIPTION OF 1997 SAMPLING 
2.1 Area description 
Transect 1: South Portion of Hourglass Lake 
HG-T1-0 m 
- near old shore 
- raised sandy area, light orange sand 
patches of grass > 1 m tall 
25 % moss, hardy seritic spp. 
1 % old exposed sediment 
- 
- 
- 
HG-T1-50 m 
- old shallows 
- thin red oxidized sand over surface, nuggets of gravel 
5 % grass patches, patches raised up to 30 cm 
large patches of moss, -20 YO cover; moss patches slightly raised about 2 
cm 
purple oxidized rocks at HG-T1-70 m 
Fe-Mn nodule plates at HG-T1-55 m 
- 
- 
- 
- 
HG-T1-80 m 
- moss 80 % cover, hardy spp.,but sparse, growing decaying in thin stratum 
10 % grass hummocks, raised 30 cm compared to surrounded 
Fe-Mn nodules and plates present 
- 
unvegetated areas 
- 
HG-T1-100 m 
- sand bowl 
- gravel in patches 
- beige sand on surface 
- hummocks of grass 0.5 m high 
patches of moss on upper rim, as well as Fe-Mn nodules 
two jack pines, 5 m, 0.5 m high 
- 
- 
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HG-T1-150 
- this mound is not windblown, compared to surrounding area 
higher group shelf of light orange sand - 
- gravel of Fe-Mn nodules 
- deep brown in areas 
- 25 % moss cover 
HG-T1-200 
- same plain as HG-T1-150 
- red oxidized Mn-Fe gravel over beigdorange sand 
10% moss cover in patches 
depression basins to north and south formed by water 
Fe-Mn plates to north, 5-10 cm in diameter 
- 
- 
- 
HG-T1-250 
- transported embankment 
- non-Fe-Mn gravel of surface 
- at HG-T1-255 to 270 m, sediment plane, light brown. 
light beige coarse sand in area 
remnant fingers of silt exposed to west 
- 1 YO moss cover 
- 
- 
HG-T1-290 
- patch of dry unvegetated sediment 
just uphill from edge of thick moss/vegetation cover which extends down 
to the pond 
surface dark brown fine loose sediment 
large cut water run-off channel to north, 5 m away 
2 m tall willows on this contour 
HG-T1-290 m located at base of sharp contour drop-off to pond perimeter 
location 13 m from shore of pond 
hardy moss on contour, grading to wetland mosses towards pond. 
Carex canadensis 1 m tall towards pond 
- 
- 
- 
- 
- 
- 
- 
- 
HG-T1-300 
- heavily vegetated with moss and sedge species 
100 % moss cover, variety of species 
on edge of moss - C. canadensis margin 
- 
- 
3 
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Transect 2: North Portion of Hourglass Lake 
HG-T2-O rn 
- Steep slope off original shoreline 
small 1 m tall spruce, willows 
larger spruce (6 m) in places 
encroachment of boreal spp. e.g., blueberry, sedges, willow, leatherleaf, 
- 
- 
- 
Lycopodium 
- 95 % moss cover 
- old tree debris, driftwood 
HG-12-25 rn 
- small willow, spruce 
- medium brown sand layer 
- Fe-Mn plates and gravel 
- bottom margin of hardy moss zone 
HG-T2-50 rn 
- steep slope, upper part medium brown sand 
pit area, deep red brown sand 
plates of old sediment and red sand 
water run-off area, no moss or plants 
10 m from shore of small north pond 
- 
- 
- 
- 
HG-T2-75 m 
- bottom of steep slope 
- moss cover edge 5 m uphill 
pit 3 m from small north pond shore 
light brown red muck downslope 
- 100 % moss cover 
- 
- willows, alders up slope 
- 
HG-T2-100 m 
- flat area 
- 100 YO moss cover over area 
willows, sedge, poplar 20 % cover - 
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Transect 3: Lower Seahorse Lake Near Gaertner Pit 
LSH-T3- 0 m 
- crest of historic littoral zone before drop-off 3 m down 
1 % moss in patches 
beige sand, old driftwood debris 
- 
- 
LSH-T3- 50 m 
- sediments and sand covering surface from 25 m to 70 m along transect 
- no moss 
LSH-T3- 75 m 
- very dense and thick mat of moss 
flat area, willows to east or pit 
grass patches 20 m away 
- 
- 
LSH-T3- 330 m 
- 1 m elevation above pond water level 
at base of embankment, 10 m from pond shore 
no vegetation locally, sparse sedge cover along shore 
- 
- white sand, low slope 
- 
LSH-T3- 350 m 
- steep slope, pure sand embankment, 30' angle 
LSH-T3- 400 m 
- old shallow area (formerly 2 m deep) 
large stones embedded in lake bottom, up to 30 cm, average 20 cm 
Fe-Mn collars on every rock 
- 
- 
LSH-T3- 450 m 
- only brief examination 
- white sand to 40 cm, no moss or vegetation cover 
- no Fe-Mn nodules 
".s."*, 
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LSH-T3- 500 m 
- only brief examination 
- white sand to 35 cm, no moss or vegetation cover 
fine gravel of Fe-Mn nodules - sampled - 
LSH-T3- 540 m 
- only brief examination 
- thin lichen layer - sampled 
strata of fine and coarse sand - 
Transect 4: Lower Seahorse Lake Southwest Side 
LSH-T4- 0 m 
- station at old shoreline 
LSH-T4- 20 m 
- old sediment completely covering area, vegetated by hardy moss spp. 
poplar, sedge, jack pine trees, up to 3 m tall 
pit dug at margin of moss and bare sediment 
- 
- 
LSH-T4- 34 m 
- bare exposed sediment 
- old moss washed away 
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2.2 Pit description 
Transect 1: South Portion of Hourglass Lake 
HG-T1-0 rn 
0 -20cm 
20- 32 cm 
32- 71 cm 
71-150 cm 
HG-T1-50 rn 
0- 4cm 
4-64 cm 
HG-T1-80 rn 
0-5 cm 
5-9 cm 
5-6 cm 
9-41 cm 
HG-T1-100 rn 
0-4 cm 
4-10 cm 
9-10 cm 
10-18 cm 
18-42 cm 
42-60 cm 
HG-T1-150 
0-4 cm 
4-6 cm 
6-11 cm 
11-35 cm 
35-69 cm 
coarse light orange sand with grass roots 
muskeg peat, brown moist 
beige coarse sand, minor peat strata 
(drill) coarse beige sand to bottom 
deep red-brown oxidized sand, fine sharp stratum cut-off 
white coarse sand, little sign of Fe migrating downwards 
moss carpet, hardy spp. 
oxidized red-brown sand 
black layer 0.5 to 1 cm thick 
white sand 
beige sand 
beige sand with gray streaks 
band of coarse sandy silt 
whitelpink sand 
orange oxidized banded sand 
light orange sand 
light brown sand and Fe-Mn nodule gravel 
blacWoxidized stratum 
light oxidized sand, beige 
beige/tan sand, vertical red streaks 
vertically oxidized orange sand 
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HG-TI -200 
0-1 cm 
1-2 cm 
2-15 cm 
15-17 cm 
17-37 cm 
37-52 cm 
52-65 cm 
HG-T1-250 
0-5 cm 
5-7 cm 
7-11 cm 
11-15 cm 
15-26 cm 
26-38 cm 
38-67 cm 
HG-T1-290 
0-6 cm 
6-10 cm 
10-60 cm 
HG-T1-300 
0-9 cm 
9-36 cm 
36-37 cm 
37-40 cm 
40-> 60 cm 
beige sand with Fe-Mn gravel, moss 
thin black layer 
light pink sand 
slightly oxidized, red layer 
light pink (tan brown) sand 
slightly oxidized sand 
light pink sand 
light beige sand 
slightly stained beige sand 
light beige sand, barely stained (no sample) 
small gravel and sand, stained 
light beige sand 
lightly stained sand 
light beige sand 
old sediment, bottom 1 cm of sediment is wet 
oxidized pinkish fine silt (silt only from 7-9 cm). thin band of red 
sand at top 6-7 cm and at bottom 9-1 0 cm 
light beige sand with horizontal staining 
moss, grass, sedge roots in sediment 
saturated sediment with large roots of gra 
red stratified sand 
pink silt 
light beige sand (hole quickly caved in) 
es nd dges 
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Transect 2: North Portion of Hourglass Lake 
HG-T2-O m 
0-5 cm 
5-10 cm 
10-27 cm 
27-28 cm 
28-29 cm 
29-50 cm 
50-57 cm 
57-65 cm 
65-71 cm 
HG-T2-25 m 
0-4 cm 
4-1 0 cm 
10-48 cm 
48-57 cm 
HG-T2-50 m 
0-2 cm 
2-10 cm 
10-38 cm 
38-65 cm 
HG-T2-75 m 
0-3 crn 
3-18 cm 
18-38 cm 
38-52 cm 
37-140 cm 
moss and roots, medium oxidized, brown and red sand 
medium oxidized, brown-red sand 
highly oxidized red sand, big roots 
light beige sand layer 
dark gray/black sand 
highly oxidized red sand, traces of charcoal 
black charcoal and white sand banded region 
white sand 
brown, highly oxidized red sand 
hardy moss 
oxidized sand layer 
white/beige sand 
medium oxidized reddish sand 
dark brown heavily oxidized sand 
plates of old sediment, varved small Fe-Mn gravel 
white sand, no iron staining 
slightly reddish stained sand 
coarse white sand 
moss cover, dense, green, in sand 
dark brownlblack sand and organics 
red oxidized sandy silt, saturated 
redlblack silt underwater 
drill hole: no description but sampled 
HG-T2-100 m 
0-2 cm moss 
2-24 cm 
24-25 cm 
> 25 cm 
silty sand, slightly oxidized red 
pure white silty sand 
tan, creamy sand 
w.I. at 18 cm; flooded, collapsed 
9 
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Transect 3: Lower Seahorse Lake Near Gaertner Pit 
LSH-T3- 0 m 
no pit dug 
LSH-T3- 50 m 
0-1 cm 
1-3 cm 
3-6 cm 
6-1 5 cm 
15-28 cm 
28-63 cm 
LSH-T3- 75 m 
0-14 cm 
14-24 cm 
24-34 cm 
34-40 cm 
40-63 cm 
63-73 cm 
73-78 cm 
LSH-Tb 330 m 
0-33 cm 
33-39 cm 
39-39.5 cm 
bottom 
39-72 cm 
damp 
LSH-T3- 350 m 
sand and old sediment transported to location 
tan brown sand transported to location 
original sediment layer, black 
gray/blue fine silt 
slightly red oxidized sand 
pinutan sand, no iron 
hardy moss cover 
loose brown original sediment 
hard, compacted dark gray, original varved loonshit 
light gray silt; 0.5 cm iron staining at top and bottom of silt 
white coarse sand 
light gray silt; 0.5 cm iron staining at bottom 
white coarse sand 
white medium grain sand 
yellow, slightly oxidized fine dry sand 
thin black layer of sand with organics. Probably very old lake 
extremely stratified dry sand; white, red, gray strata of fine sand, 
0-78 cm white sand, no iron staining 
slightly gray thin strata at 70 cm 
LSH-T3- 400 m 
0-2 cm 
2-7 cm 
7-52 cm 
loose, blown white sand 
oxidized sand, minor organics, black and red strata 
packed gray sand, no strata 
LSH-T3- 450 m 
no pit dug 
LSH-T3- 500 m 
no pit dug 
LSH-T3- 540 m 
no pit dug 
Transect 4: Lower Seahorse Lake Southwest Side 
LSH-T4- 0 m 
no pit dug 
LSH-T4- 20 m 
0-6 cm 
0-21 cm 
21-36 cm 
36-44 cm 
> 44 cm 
LSH-T4- 34 m 
0-10 cm 
10-22 cm 
22-32 cm 
32-44 cm 
44-64 cm 
thick moss layer 
old brown sediment with some sand 
sand with black and white strata 
lightly oxidized sand 
white sand 
old loose original sediment 
stratified sand and sediment, with black and white layers 0.5 to 1 
cm thick 
dark gray original compacted sediment, iron stained at bottom 1 
cm 
light gray silty sand 
white sand 
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2.3 Reduction of detailed description to arrive at stratigraphic sections 
TRANSECT T1 
Name: T1-0 
Oxidized sand 
PeaffSoil 
Sand 
Name: T1-50 
Red oxid.sand 
Sand 
Name: T1-80 
Moss 
Black sand 
Red oxidsand 
Sand 
Name: T1-100 
Sand 
Silt 
Sand 
Red oxid.sand 
Oxidized sand 
Name: T1-150 
Nodules(Fe-Mn) 
Black sand 
Oxidized sand 
Sand 
Oxidized sand 
Name: T1-200 
Nodules(Fe-Mn) 
Black sand 
Sand 
Red oxidsand 
Sand 
Oxidized sand 
Sand 
0 - 0.20 m 
- 0.32 m 
-0.71 m 
0 - 0.04 m 
- 0.64 m 
0 - 0.05 m 
- 0.06 m 
- 0.09 m 
- 0.41 rn 
0 - 0.04 rn 
- 0.10 m 
- 0.18 m 
- 0.42 m 
- 0.60 m 
0 - 0.04 m 
- 0.06 m 
-0.11 rn 
- 0.35 m 
- 0.69 m 
0 - 0.01 rn 
- 0.02 m 
- 0.15 m 
- 0.17 m 
- 0.37 m 
- 0.52 m 
- 0.65 m 
Name: T1-250 
Sand 
Sand 
Sand 
Sand 
Sand 
Oxidized sand 
Sand 
Name: T1-290 
Sediment 
Oxidized sand 
Sand 
Name: T1-300 
Sediment 
Sediment 
Silt 
Sand 
0 - 0.05 m 
- 0.07 m 
-0.11 rn 
- 0.15 rn 
- 0.26 m 
- 0.38 m 
- 0.67 m 
0 - 0.06 rn 
- 0.10 m 
- 0.60 m 
0 - 0.09 m 
- 0.36 m 
- 0.40 m 
- 0.60 m 
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TRANSECT T2 
Name: T2-0 
Oxidized sand 
Oxidized sand 
Black sand 
Red oxid.sand 
Charcoal 
Sand 
Red oxidsand 
Name: T2-25 
Moss 
Oxidized sand 
Sand 
Oxidized sand 
Name: T2-50 
Red oxidsand 
Sand 
Oxidized sand 
Sand 
Name: T2-75 
Moss 
Sediment 
Silt 
Silt 
Name: T2-100 
Moss 
Oxidized sand 
Sand 
Sand 
TRANSECT 3 
Name: T3-50 
Sediment 
Sand 
Sand 
Black sand 
Silt 
Sand 
0 - 0.10 m 
- 0.27 m 
- 0.29 m 
- 0.50 rn 
- 0.57 m 
- 0.65 m 
-0.71 m 
0 - 0.04 m 
-0.1 rn 
- 0.48 m 
- 0.57 m 
0 - 0.02 m 
- 0.10 m 
- 0.38 m 
- 0.65 m 
0 - 0.03 m 
- 0.18 m 
- 0.38 m 
- 0.52 rn 
0 - 0.02 m 
- 0.24 m 
- 0.25 m 
- 0.35 m 
0 - 0.01 m 
- 0.03 m 
- 0.06 m 
- 0.15 m 
- 0.28 m 
- 0.63 m 
Name: T3-75 
Moss 
Sediment 
Sediment 
Silt 
Sand 
Silt 
Sand 
Name: T3-330 
Sand 
Oxidized sand 
Sand 
Name: T3-350 
Sand 
Name: 13-400 
Sand 
Oxidized sand 
Sand 
TRANSECT T4 
Name: T4-20 
Moss 
Sediment 
Black sand 
Oxidized sand 
Sand 
Name: T4-34 
Sediment 
Black sand 
Sediment 
Silt 
Sand 
o - 0.14 m 
- 0.24 m 
- 0.34 m 
- 0.40 m 
- 0.63 m 
- 0.73 m 
- 0.78 m 
0 - 0.33 m 
- 0.39 m 
- 0.72 m 
0 - 0.78 m 
0 - 0.02 m 
- 0.07 m 
- 0.52 m 
0 - 0.06 m 
- 0.21 m 
- 0.36 m 
- 0.44 m 
- 0.55 rn 
0 - 0.10 m 
- 0.22 m 
- 0.32 m 
- 0.44 rn 
- 0.64 rn 
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7.0 
7.1 
The maps and figures referred in the text are not included. 
For sampling location refer to Map 1 in the report. 
KEY LAKE SOIL I SEDIMENT ANALYTICAL TESTING RESULTS 
Introduction 
The Key Lake Uranium Mining Camp in Northern Saskatchewan is a world class 
mining operation which annually produces approximately 14 million pounds of U,O, (1). 
The operator, Cameco Corporation, has engaged Boojum Research to assess the 
long term implications of reflooding the lakes in the vicinity of Key Lake. These data are 
intended to provide Cameco with details on the condition of the lakes, identify current 
problem areas, and areas of possible concern. In addition, some of these data will be 
important in the selection of the treatment technologies employed during the 
decommissioning phase of the operations. 
Eighteen (18) samples of soillsediment for this study were collected from 
Hourglass, Seahorse, Murphy, Frank, Peter and Key lakes, and are part of a larger 
programme of sampling and research conducted during 1993. Prior to the initiation of this 
study, samples had not been subjected to any analytical work, but were kept in storage 
since collection on June 18, 1993. 
The measurements and analytical work performed on these samples were within 
the context of the Procedural Scheme for the Selection, Evaluation, and Implementation 
Of Remedial Technologies introduced in Section 6.0. More specifically, the work carried 
out in this research project represents the data required for the first half of Step 1, Phase 
1 - namely, the identification of the Key Soil l Sediment Characteristics.(Section 6.2) The 
contaminants of concern were nickel (Ni) and arsenic (As). 
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The Key Soil I Sediment Characteristics determined were: 
(1) PH 
(2) acidity 
(3) alkalinity 
(4) organic carbon content 
(5) moisture content 
(6) redox potential 
(7) conductivity 
(8) total concentration of Ni and As 
(9) fraction(s) in which Ni and As are found and their relative abundance 
In addition, the field descriptions of the soil/sediment are provided. 
7.2 Soil I Sediment Characteristics and Water Quality 
7.2.1 Materials 
Brief descriptions of the 18 samples of soil I sediment, are provided in Table 7.2.1 .I. 
and their stratigraphic sampling locations are shown on Map 7.2.1. Sample description is 
derived using terms as defined by Boojum Research. Samples were broadly classified as 
either sandy with little organic material, or organic rich clays and silts. 
7.2.2 Methodolociv 
Measurements of redox potential, electrical conductivity and pH were all made 
following standard methods on solutions consisting of 10 g of sample and 50ml of distilled 
water, and following 1 hour of stirring.(2) Results are presented in Table 7.2.3.1. 
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Ten (10) ml of supernatant were extracted for acidity and alkalinity determinations 
by titration with 0.01 N NaOH (to pH 8.3) and 0.01 N H2 SO4 (to pH 4.5) respectively.(2) 
Results are presented in Table 7.2.3.1. 
Moisture was calculated from the difference between wet and dry sample weights 
following oven drying for 24 hours at 105 C. Loss on ignition, an approximation of the 
organic content, was determined by further subjecting the dried samples to 480 OC for 1 
hour.(2) Results are presented in Table 7.2.3.2. 
7.2.3 Discussion 
A review of the aforementioned chemical parameters indicates that the lake 
sediments, and in turn their respective lakes, appear to fall into the following 3 groups, 
each with significantly distinct characteristics: 
(i) Key and Frank Lakes - (based on 6 samples) 
(ii) Lower Seahorse and Hourglass Lakes - (based on 9 samples) 
(iii) Murphy Lake - (based on 2 samples) 
pH, Acidity, Alkalinity (Maps 7.2.3.1, 7.2.3.2, 7.2.3.3) 
Key and Frank Lakes: 
- pH is lowest at 4 or lower, with lowest value at 3.60 
- acidity is highest overall at about 50 ppm CaC03 
- alkalinity was not detected 
Lower Seahorse and Hourglass Lakes: 
- pH is higher in the range from 4.22 to 6.21, but generally > 4.4 
- acidity is considerably less ranging between 3 and 29 ppm CaCO, 
- alkalinity for this group ranges from 0 to 21.5 ppm CaCO, 
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Murphy Lake: 
-shows little signs of acidity with the 2 readings of pH at 6.09 and 6.92 
- low acidity at 3 and 8 ppm CaCO, 
- alkalinity at 3.0 and 4.3 ppm CaCO, 
Organic Carbon Content (LOI), Moisture (Maps 7.2.3.4, 7.2.3.5) 
Key and Frank Lakes: 
- LOI levels are distinctly the highest with values in the 23% to 51% range 
-moisture contents mirrorthe LOI levels with highest at 89% corresponding 
indicating high organic contents 
to the highest LOI 
Lower Seahorse and Hourglass Lakes: 
- LOI values are significantly lower, peaking at 19%, with the sandy samples 
- moisture levels are somewhat lower than at Key and Frank Lakes, 
<3% 
especially in the sandy samples 
Murphy Lake: 
- the clay sample indicates both a moderate organic content and moisture 
content, whereas the sandy sample shows significantly lower levels of both 
Redox Potential (Eh), Conductivity (Maps 7.2.3.6, 7.2.3.7) 
Key and Frank Lakes: 
- Eh is highest, at over 600 mv, peaking at 642 mv 
- conductivity highest at >200 us/cm, peak at 441 in Key Lake 
Lower Seahorse and Hourglass Lakes: 
- Eh mostly above 500 mv, peak at 602 mv, but lower than Key and Frank 
Lakes 
CAMECO Corporation, Key Lake Operation 
Sequential Extractions of 1993 Samples, 4* year thesis 
December, 1997 
&oju,m 
4 
- all conductivities less than 85 uslcm, except for one at 190; lowest at 15 
pslcm. 
Murphy Lake: 
- Eh lowest , with both less than 500 mV, with the lowest at 476 mV 
- conductivities lowest at 14 and 40 ps/cm 
7.3 Metal Removal and Metal Forms of Arsenic and Nickel 
7.3.1 ICP (Induced Coupled Plasma Suectrophotometrv) 
Concentrations of total As and total Ni, along with 18 other elements including 
sulphur and iron were determined by ICP analysis at the Environmental Protection 
Laboratories in Toronto. The Reports of Analysis are attached. 
The 3 groupings established in section 7.2.3 do not appear to apply when it comes 
to comparing As and Ni concentrations. 
7.3.2.1 Arsenic (Table7.3.2.1 &Mar,7.3.2.1) 
Arsenic concentrations ranged from not detected to 106.0 mg / kg. 
Generally, arsenic concentrations appear to correlate well with organic content, 
except for same notable exceptions. 
Key and Frank Lake samples appear to be very similar in terms of levels of organic 
content, conductivity, and pH, however, arsenic was not detected in the two Frank Lake 
samples, while Key Lake samples showed significant levels of 28.3 and 45.9 mglkg. 
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The other exception comes from Murphy Lake, which again, despite its high organic 
content, returned a value of only 3.3 mglkg 
The two highest concentrations overall, at 106.0 and 88.3 mg/kg, came from Lower 
Seahorse Lake. High levels of arsenic also occur at Hourglass Lake, where the range from 
3.2 to 68.9 mglkg, correlates well with the levels of organics. 
The dominant forms of arsenic, as determined from Eh and corresponding pH levels 
are shown the Fig 7.3.1. 
7.3.2.2 Nickel (Table 7.3.2.2 &Map 7.3.2.2) 
Nickel levels closely mirror arsenic values. Frank and Murphy Lakes are 
characterized by very low levels, ranging from c0.5 to 6.3 mglkg. 
Key Lake showed nickel concentrations at 119 and 141 mg/kg, while the highest 
levels were again noted at Hourglass and Lower Seahorse Lakes, where the five highest 
samples ranged from 223 to 357 mglkg Ni. High values correlate well with organic rich, clay 
samples. 
7.3.3 Sequential Chemical Extraction Analvsis 
Sequential chemical extraction was used in this study in an attempt to determine the 
levels As and Ni in the different fractions.(2) (3) (4) 
The 4 fractions selected were: 
(1) exchangeable 
(2) organically bound 
(3) dilute acid extractable - bound to carbonates 
(4) residual - ie arsenates, hydroxides, sulphides 
A four step sequential fractionation scheme as successfully established during 
similar previous studies, and commonly employed by Boojum Research was used.(l)(Z) 
Reagent Conditions 
Fifty (50) ml of the various reagents listed below were added sequentially to a 1 .O 
g samples of oven dried sediment. Samples were agitated on a shaker for the duration 
specified, then filtered through a 0.45 um cellulose-acetate filter. Fifty (50) ml of distilled 
water was used for the wash down. The filtrates were decanted into plastic bottles and set 
aside for analyses. The next extracting reagent was added, and the extraction process 
repeated. 
Shaking 
Duration 
Fraction m 
1 M of KNO, 
solid : solution ratio 1 : 50 
0.1 M Na,P,O, + 0.01 M EDTA 
solid : solution ratio 1 : 50 
1 M NH4 acetate (pH = 5) 
solid : solution ratio 1 : 50 
Exchangeable 
Organically bound 
2 h  
24 h 
5 h  3 Dilute Acid Extractable rl 
4 Residual concentrated HNO, 
solid : solution ratio 1 : 50 
heat at 140 C for 2 hours 
Arsenic levels were determined by the Merck test strip method, and readings 
corrected to mglkg. 
Nickel levels were determined photometrically using the Merck Spectroquant, 14785 
method, and readings corrected to mglkg. 
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7.3.3.2 Discussion of Results 
Nickel 
A comparison of results from both analytical methods indicates a serious 
interference problem from ions and I or organics was encountered during the photometric 
determinations of nickel levels for the various fractions derived from sequential extraction. 
Levels tend to be anywhere from 3 to 50 times higher than those of the ICP results.(Table 
7.3.2.2) 
Considering only the ICP values, Ni levels in the soikediment in Hourglass, Lower 
Seahorse, and Key Lakes which are up to 357 mg I kg ,were compared to the Sediment 
Quality Guidelines issued by the Province of Ontario.(2) For Ni they are: 
Lowest Effect Level : 16 mg I kg dry weight 
Severe Effect Level : 75 mg I kg dry weight 
It is obvious that concentrations in these 3 lakes exceed the Severe Effect Levels. 
By contrast, levels at both Murphy and Frank Lakes at 6.3 and 2.6 mg I kg are below the 
Lowest Effect Levels. 
Arsenic 
Almost without exception, arsenic was found only in the organic fraction, and by 
contrast to the nickel values, As concentrations correlate very well with the totals 
determined by ICP. Not surprisingly, arsenic was not detected at Murphy Lake.(Table 
7.3.2.1) 
The Sediment Quality guidelines for arsenic are: 
Lowest Effect Level : 6 mg I kg 
Severe Effect Level : 33 mg I kg 
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As with nickel, arsenic levels in the soil /sediment from Hourglass, Lower Seahorse, 
and Key Lakes, which are as high as 106 mg I kg, all exceed the Severe Effect Levels. The 
concentration at Murphy Lake was below the Lowest Effect Level, while arsenic was not 
detected in the two samples from Frank Lake. 
7.4 References 
(1) Giancola, D. (ed) (1992) Canadian Mines Handbook, Southam Business 
Communications Inc. Toronto, Canada 
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Acidic Drainage, Pittsburg, PA, April 24-29, 1994. 
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Problems, CRC Press, Cleveland, USA. 
(5) Persaud,D.. JaagumaglR., &A. Hayton, (1991) The Provincial Sediment Quality 
Guidelines, Water Resources Branch, MOEE, Toronto, Ontario. 
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Table 7.2.1.1 
Number 
HGL-1 
HGL-3A 
HGL-3B 
HGL-3C 
LSL-1A 
LSL-1B 
LSL-3A 
LSL-3B 
LSL-3c 
ML-1A 
ML-1B 
KL-1A 
KL-1 B 
FL-1A 
FL-1 B 
FL-2A 
FL-2B 
PL-1 
Sample Stratigraphy Description 
quartz sand, orange-brown 
sandy clay, med.gray-brown, orange tinge 
clay,med.brown. orange tinge, organics 
clay, light brown, orangelgray tinge 
silty clay, med gy-brown 
clay, white-gray 
sand, med. brwn, org tinge 
>90% quartz sand, creamy orange 
silty, dark gray brown, organics 
Site Description Original Lake Stratum 
Depth Sampled 
Lake bottom 2 m  0-2 cm. 
Lake bottom at new shore 12 m 0-10 cm 
10-25 cm 
>25 cm. 
Lake bottom 7 m  5-1 0 cm 
15-25 cm 
Lake bottom 
sandy clay, med. gray-brown, organics 
> 90% sand,creamy orange 
At lakeshore 
silty, med blwn 
clay.orange-brown 
Lake bottom 
silty clay, platey, med. gray-brown, organics 
clay, grey-white 
Lake bottom 
silty, med. gray-brown, organics 
silty clay, med. gray-brown 
Lake bottom 
silly clay, med. gray-brown, organics Shore of lake 
8 m  
2 m  
5 m  
3 m  
5 m  
2 m  
0-5 crn 
5-10 cm 
15-30 cm 
0-5cm 
5-15 cm 
0-35 cm 
35-45 cm 
0-10 cm. 
10-30 cm. 
0-20 cm. 
30-50 cm 
0-25 cm. 
Table 7.2.3.1 
Number PH 
HGL-1 5.51 
HGL-3A 4.43 
HGL-36 5.18 
HGL-3C 5.86 
LSL-1A 4.22 
LSL-16 4.42 
LSL-3A 6.21 
LSL-3C 4.77 
ML-1A 6.09 
ML-1 B 6.92 
LSL-3B 4.98 
KL-1A 3.98 
KL-1 B 3.60 
FL-1A 4.04 
FL-1 6 4.18 
FL-2A 3-84 
PL-1 4.84 
FL-2B 3.93 
Eh Conductivity 
(mv) uS/cm 
536 15 
594 190 
537 84 
387 55 
598 66 
602 33 
179 54 
530 44 
51 7 57 
486 40 
476 14 
623 441 
580 389 
621 200 
624 57 
629 217 
641 225 
550 59 
Temp 
C 
20.3 
20.9 
23.4 
21.4 
21.2 
20.4 
22.2 
22.6 
22.5 
19.1 
22.5 
21 .a 
20.4 
19.5 
21.2 
20.9 
22.6 
20.3 
Acidity Alkalinity 
(mg / kg of CaC03) 
3.4 8.1 
11.9 0.0 
29.0 4.2 
16.4 5.1 
9.5 0.0 
7.3 0.3 
9.8 21.5 
6.8 0.9 
10.8 1.5 
8.8 4.3 
2.7 3.0 
50.3 - 
45.8 - 
24.2 
11.5 
52.8 
36.0 
14.9 21.6 
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Table 7.2.3.2 
Number 
HGL-1 
HGL-3A 
HGL-3B 
HGL-3C 
LSL-1A 
LSL-1 B 
LSL-3A 
LSL-36 
LSL-3c 
ML-1A 
ML-1 B 
KL-1A 
KL-1 B 
FL-1A 
FL-1 B 
FL-2A 
FL-2B 
PL-1 
Wet Wt. 
(S) 
40.60 
27.40 
16.20 
26.50 
16.50 
39.50 
44.20 
36.10 
17.00 
22.90 
32.90 
16.00 
15.30 
9.80 
22.50 
10.40 
17.90 
15.35 
Dry Wt. 
(9) 
39.40 
11.15 
3.40 
15.00 
10.70 
29.65 
31.70 
30.12 
6.30 
10.70 
27.40 
8.31 
5.42 
4.18 
18.62 
2.68 
2.00 
4.75 
Moisture 
(S) 
1.20 
16.25 
12.80 
11.50 
5.80 
9.85 
12.50 
5.98 
10.70 
12.20 
5.50 
7.69 
9.88 
5.62 
3.88 
7.72 
15.90 
10.60 
Moisture 
(%) 
2.96 
59.31 
79.01 
43.40 
35.15 
24.94 
28.28 
16.57 
62.94 
53.28 
16.72 
48.06 
64.58 
57.35 
17.24 
74.23 
88.83 
69.06 
LOI 
("w 
2.71 
13.13 
13.81 
2.12 
12.26 
1.17 
0.79 
0.17 
19.15 
13.18 
0.28 
29.39 
23.90 
41.34 
0.76 
38.39 
51.12 
35.46 
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Table 7.3.2.1 
Arsenic Speciation as determined by Sequential Extraction Analyses vs ICP (mglkg) 
Number 
HGL-1 
HGL-3A 
HGL-3B 
HGL-3C 
LSL-1A 
LSL-1 B 
LSL-3A 
LSL-3B 
LSL-3c 
ML-1A 
ML-1 B 
KL-1A 
KL-1 B 
FL-1A 
FL-1 B 
FL-2A 
FL-2B 
PL-1 
Species 
Exchangeable Organicall Acid 
Bound Soluble 
nd 10 nd 
nd 30 5 
nd 30 nd 
nd 10 nd 
nd 40 nd 
nd 30 nd 
nd 5 nd 
nd 50 nd 
nd nd nd 
nd 20 nd 
nd 10 nd 
Residual 
nd 
nd 
nd 
nd 
nd - 
nd 
nd 
nd 
nd 
nd 
nd 
- 
- 
- 
Total ICP value 
10 
35 
30 
10 
40 - 
30 
5 
50 
nd 
20 
10 
- 
12.2 
68.9 
58.9 
8.4 
51 .O - 
88.3 
3.2 
106.0 
3.3 
45.9 
28.3 
nd 
nd 
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Table 7.3.2.2 
Nickel Speciation as determined by Sequential Extraction Analyses vs ICP (mglkg) 
Sample 
HGL-1 
HGL-SA 
HGL-3B 
HGL-3C 
LSL-1A 
LSL-1 B 
LSL-3A 
LSL-3B 
LSL-3c 
ML-1A 
ML-1 B 
KL-1A 
KL-1 B 
FL-1A 
FL-1 B 
FL-2A 
FL-2B 
PL-1 
Exchangeable Organically 
Bound 
7 21 
238 367 
1314 369 
131 24 
107 273 
- 
11 4 
18 nd 
145 41 1 
14 11 
38 342 
18 514 
Species 
Acid 
Soluble 
273 
155 
162 
309 
238 
35 
297 
nd 
1 
20 
10 
Residual 
462 
359 
549 
479 
342 
290 
342 
360 
480 
549 
445 
- 
- 
- 
- 
- 
Total ICP value 
763 
1119 
2394 
941 
960 
340 
657 
916 
506 
931 
978 
- 
- 
- 
- 
- 
12.4 
357.0 
259.0 
237.0 
223.0 
- 
13.8 
2.4 
257.0 
6.3 
119.0 
141.0 
nd 
2.6 
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KEY LAKE NOTES 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Metal concentrations (Fig.1 a), concentrations of other ions (Fig.1 b), and [Fe], 
Fe3/Fe2, and Eh (Fig.lc) have been plotted for the proper sequence of the 
available analyses. 
The plots suggest that the Sump contains a mixture of metal-contaminated and not- 
contaminated seepages, and that the Horsefly Lake inflow consists of a Sump-like 
water diluted with less-contaminated groundwater. 
The plots also seem to reflect the increased uncertainty in the determination of the 
lower metal concentrations. 
The programs WATEQ4F, NETPATH, and PHREEQE were used to process the 
analyses of the samples from Gaertner Pit Seep #9, Seep # I ,  the Sump, and 
Horsefly Lake Inflow. 
WATEQ4F was used to check both speciation and degrees of saturation with 
respect to a number of minerals. The program indicated 11 0% ion imbalance for 
Seep # I ,  and 58.7% ion imbalance for Horsefly inflow; an additional shortcoming 
of the analyses was that total Inorganic Carbon was not available for the Seep #9 
water and for the Sump water (needed because low pH prevented alkalinity values). 
The WATEQ4F results indicated that the bulk of the iron was present as ferrous 
ions in all four samples. 
NETPATH was used first to estimate what minerals would have to be dissolved to 
get from pure water to Seep #9 water; then to estimate the mixing ratio of Seep #9 
and Seep # I  waters needed to produce Sump water; and then to estimate the 
mixing ratio of Sump water and Seep # I  water needed to produce Horsefly Lake 
inflow (see 4 pages of NETPATH output). 
Dissolution of pyrite (or other Fe-sulfide) appears to be the source of the iron and 
sulfate in the acidic seep waters; some Fe would have been lost before discharge 
of these waters. 
The mixing of metal-contaminated (Seep #9) and less- contaminated (Seep #I) 
waters in the Gaertner Sump, in a ratio of 4357, leads to some further Fe-loss as 
goethite. 
Mixing of the Gaertner Sump water with more water similar to that from Seep # I  
(representing dewatering discharge from the Deilman Pit), in a ratio of about 26:74, 
causes very minor Fe- loss as goethite. 
The goethite produced during the mixing processes of points 9 and 10 above may 
1 
CAMECO Corporation, Key Lake Operation 
Historical records 
December, 1997 
be carried in suspension to the discharge point at Horsefly Lake. Depending on the 
degree to which the water is aerated after mixing, the goethite precipitation may 
actually be delayed somewhat. 
PHREEQE was used to estimate the pH, PE, and saturation degrees for several 
minerals, using the amounts of pyrite dissolved, oxygen used, and goethite 
precipitated that were indicated by the results of the NETPATH run for the sample 
from Seep #9. Taking into account the relative accuracy of the available analysis, 
it is virtually certain that the pH and the Fe and S concentrations in that sample 
represent oxidation of pyrite, followed by precipitation of iron-hydroxide and, 
probably, dissolution of some carbonate minerals 
Future evolution of the metal contamination in the Horsefly Lake inflowwill depend 
on the evolution of the dewatering regime, and on the distributions of permeability 
and soluble or oxidizable minerals in the area affected by the dewatering. 
12. 
13. 
R.O. van Everdingen 
November 3,1992 
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KEY LAKE NETPATH OUTPUT 
INITIAL WATER: DISTILLED WATER 
FINALWATER: GAERTNER PIT SEEP #9 - 92/07/30 
Final Initial(milliioleL) 
S 1.3994 ,0000 
Fe ,1451 .oooo 
RS 8.6862 .oooo 
GOETHITE Fe - 1.0000 RS - 3.0000 
0 2  GAS RS - 4.0000 
PYRITE Fe - 1,0000 S - 2.0000 RS - .OOOO I - 3-60.0000 
MODEL 1 millimoleL (- indicates precipitation) 
(+ indicates dissolution) 
GOETHITE -.55461 
0 2  GAS +2.5875 1 
PYRITE ,69968 
Data used for Carbon-13 (Insufficient data) 
Data used for C-14 (% mod) (Insufficient data) 
Data used for Sulhr-34 (Insufficient data) 
Data used for Strontium-87 (Insuftkient data) 
1 model was tested. 
1 model was found which satisfied the constraints. 
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INITIAL WATER : DISTILLED WATER 
FINAL WATER : GAERTNER PIT SEEP #9 - 92/07/30 
Final Initial (millimole/L) 
S 1.3994 .oooo 
Ca .1637 .oooo 
Si ,3030 ,0000 
Fe ,1451 .oooo 
RS 8.6862 .oooo 
Mg .1366 .oooo 
Na ,1340 .oooo 
GOETHITE Fe - 1,0000 RS - 3.0000 
0 2  GAS RS - 4.0000 
PYRITE Fe - 1.0000 S - 2.0000 RS - ,0000 I - 3-60.0000 
PLAGA3 8 Ca - .3800 Na - ,6200 AI - 1.3800 Si - 2.6200 
CHLORITE Mg - 5.0000 AI - 2.0000 Si - 3.0000 
Si02 Si - 1,0000 
DOLOMITE Ca - 1,0000 Mg - 1,0000 C - 2.0000 RS - 8,0000 1 - 1.0000 
I-2.0000 
MODEL 1 millimoleL (- indicates precipitation) 
(+ indicates dissolution) 
GOETHITE - -.55461 
02GAS + 2.42431 
PYRITE + .69968 
PLAGAN38 .21613 
CHLORITE .01100 
Si02 -.29630 
DOLOMITE .OS157 
Data used for Carbon-13 (Insufficient data) 
Data used for C-14 (% mod) (Insufficient data) 
Data used for SuKr-34 (Insufficient data) 
Data used for Strontium-87 (Insufficient data) 
1 model was tested. 
1 model was found which satisfied the constraints 
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INITIAL WATER 1 : GAERTNER PIT SEEP #9 - 92/07/30 
INITIAL WATER 2: GAERTNER PIT SEEP #1 - 92/07/29 
FINAL WATER: GAERTNER PIT S U M P  - 92/07/28 
Final Initial 1 Initial 2 (miholelL) 
S ,6146 1.3994 ,0284 
Fe ,0193 ,1451 ,0003 
RS 3.7260 8.6862 ,1711 
GOETHITE Fe - 1,0000 RS - 3.0000 
0 2  GAS RS - 4.0000 
MODEL 1 millimoleL (- indicates precipitation) 
INIT 1 + F  ,42755 
INIT2 + F  .57245 
02GAS f .01072 
(+ indicates dissolution) 
GOETHITE -.04286 
Data used for Carbon-13 (Insufficient data) 
Data used for C-14 (% mod) (Insufficient data) 
Data used for Sulhr-34 (Insufficient data) 
Data used for Strontium-87 (Insui%cient data) 
1 model was tested. 
1 model was found which satisfied the constraints 
6 
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INITIAL WATER 1 : GAERTNER PIT SEEP #1 - 92/07/29 
INITIAL WATER 2: GAERTNER PIT SUMP - 92/07/28 
FINAL WATER HORSEFLY INFLOW - 92/07/28 
Final Initial 1 Initial 2 (millimoleL) 
S 1834 ,0284 .6146 
Fe ,0005 ,0003 ,0193 
RS 1.1016 ,1711 3.7260 
GOETHITE Fe - 1,0000 RS - 3.0000 
0 2  GAS RS - 4.0000 
MODEL 1 millimoleL (- indicates precipitation) 
INIT 1 +F ,73554 
INIT2 + F  ,26446 
02GAS + ,00121 
(+ indicates dissolution) 
GOETHITE -.00484 
Data used for Carbon-13 (Insufficient data) 
Data used for C-14 ("A mod) (Insufficient data) 
Data used for SuKr-34 (Insufficient data) 
Data used for Strontium-87 (Insufficient data) 
1 model was tested. 
1 model was found which satisfied the constraints. 
7 
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